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Bearing Puller

In this tutorial, we will build a bearing puller. This product consists of three parts. We will learn a few new
functions in this tutorial. We will also perform a simple analysis on some of the parts.

Work plan The first part we will make is the main bridge. We will make this according
to the drawing below.

Make a plan! How would you build this part? Make a plan for yourself and
compare it with the plan we have developed for this tutorial.
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1 Start SolidWorks and open
a new part.
2 Select the Front Plane and 16
make a sketch like in the == ==
illustration on the right. |N
The sketch consists of four E
lines and three dimensions. =
uy
Make sure the left bottom ™ ' I
corner of the sketch is at
the origin.
hoox =
— 30 —
3 1. Click on Arc in the @Snlilﬂﬂol’ks i [] - -l -5-8 v k., '@VSDIidWorks Search
CommandManager. e o \N-O- r\J - 2% @ = LA Mirror Entities
2. Click on Tangent Arc in o | pomert (. (R - Tm  Comert A wms | DspeyD
. Sketch | Dimension | Entities Entities Entitios | ooo | Relation
the PropertyManager. I L ® N 1 2 = &y Move Entities - 2
3. Click on the right end of Lo et o] W@ Do - E-
the upper horizontal =B partt 14
line. 3
4. Put the end of the arc - l
at about the same loca- — +\ 4
tion as in the drawing.
The exact spot is not 8 ! | ) )
relevant at this point. SEHATRT
| Parameters ¥-| _B
5. Push the <Esc> key to ] £ =
end the line command.
s 0 -~
4 Set dimensions for the arc GflSolidWorks J O-2-H-2-9- 8 & - s. O -solidiorks Search
you have just drawn: 3 B\ - G - N S5 % @ o
H ‘ H Tri L8] ik | Displ 1
1. Click on ‘Smart Dimen- - e O | T SO offet £ 332 Linear SketchPatten  +| DPRV/D:
sion’ in the Command- - % g z ¥ Move Entities - =
Manager. Sketch]sam'mewi'mm.fwr D R W @ P b - B~
2. Click on the arc. =% Partt 14
; ; i I Gl
3. Set the dimension. T S &/
4. Change the radius of &S * MEl
the arc to ‘85'. Walue |[Leaders || Other ' 4 —‘""""
5. Click on OK. Favorites. ¥l| dv x 8222 \
Tolerance/Precision # -
150y, [ane |v! D_,_ =
HHE{: |.12 {Document) M 50/
Primary Yalue " /
3
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5 Make a curved edge be-
tween the arc and the ver-
tical line.

1. Click on Sketch Fillet in
the CommandManager.

2. Change the radius to
‘5mm’ in the Property-
Manager.

3. Click on the arc, to the
left of the vertical line.

4. Click on the vertical
line, just below the arc.

5. Click on OK.

QEisolidWorks i [

H-&-9- 08 B - s

'\@" Solidworks Search

& N-@-pJ- 2k O 3 L\ Mirror Entities
i Smart Trim  Convert L e | Display/D
Sketch | Dimension | O-3- @ | Entities Entities Enfﬁ:lzts 223 Linear Sketch Pattern 7| Relatiol
g Move Entities - -
FW OOSHMB-F-6r- - B
% Part1 14
e 3
o, 4] Q:
Fillet Parameters : s E®
Ay | 5.00mm fenal

| k (3]
Keep o ined
corners 7

25

"l

4
,.50/
/

6 Click on ‘Features’ in the
CommandManager and
next on ‘Revolved
Boss/Base'.

GfiSolidWorks i [~

- H-=-9- 8 H- .

\&v Solidworks Search

|s® Revolved Boss/Base |

Extruded
Boss/Base |

7 Next, you have to set the
rotation axis:

1. Click on the left vertical
line in the sketch.

2. Make sure the rotation
angle in the Property-
Manager is set to ‘360
degrees’ (a complete
circle).

3. Click on OK.

ameters
[Lines ‘
l§| IOne—Direction |v]
r_}T | 380,00d=q *
| O Thin Feature ¥
| Selected Contours ® |
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The basic form is ready.
We will now remove three
triangles from this body.

Select the Top Plane and
create a sketch like in the
illustration on the right.

The sketch consists of two
lines emanating from the
origin: one line goes
straight up and the other
runs downwards under an
angle of about 120 degrees
to the first line. Both lines
cross the outside edge of
the part.

Set the dimension of ‘120
degrees’ between the two
lines.

Make a parallel copy of the
two lines.

1. Click on ‘Offset Entities’
in the CommandMa-
nager.

2. Change the distance in
the PropertyManager to
‘12.5mm’.

3. Make sure the option
‘Select chain’ is se-
lected.

4. Click on one of two
lines in the sketch.

You can now see a pre-
view. Both lines from the
sketch are copied.

5. When the lines are co-
pied in the wrong di-
rection, click on ‘Re-
verse’ in the Property-
Manager.

6. Click on OK.

W,Snliqurks i D - L_f} - H L= &) - ! v Bl '%'SolidWDrksSearch

E Qo N-O - 2E | 3 L\ Wirror Entities
Exit Smart Trim  Convert mam Display/D
Sketch | Dimension O-2-6-A Entities Entities |O=et 253 Linear Sketch Pattern 7|  Relatio
e & ® - *® - - % Move Entities - -

Sketch | Sheethetal | Evaluate | DimXpert |

QS W B D o - -

y@@'ﬂt‘% B Rran ]

Parameters # Zﬁ
b | 12.50mm =
Add dimensiops 5
reverse k I
Select chain ';
m
[IBi-directianal

IMake base
U construction

Tutorial 8: Bearing Puller




10 | Round of the corners be- BglSolidWorks »J O-2-H-2-9- 8 E - sc. Q- sdidworks Search
tween the two lines. = s % O 5 e
1. Click on Sketch Fillet in 553; ol O D @ A S O ot B tnear Sietchratiam  +| DD
the CommandManager. . . @ > T et ” }
2. Check to make sure e | Seen | ool | uoliie | Doger | QAN EE D owr- - B
that the radius is still Iﬁ ||t?El B3 = B part1
5mm (you set this in __ Sketch Fillet
step 6 already, and it 9
should have remained Wﬁ%
in SolidWorks). = -
5.00rmrm ;1.'
3. Click on the corners of x """"
. . Keep Con: 2
both copied lines [ comers
4. Click on OK.
11 | Next, we will make con- ey |@ ||;% ||-$ =] = B9 part1
struction lines from the first | |EFTmET — 7
two lines we have drawn. @ 4
1. Select the first line. SElCER R BRe 2
2. Hold the <Ctrl> key on [Line1
Linez
your keyboard and se-
lect the second line.
3. Check the option ‘For — -
L. | Existing Relations ¥ |
construction’ in the
PropertyManager. |RddRelations ¥ |
-i
The two lines will now be 'uptiugl = A
displayed as centerlines. For construction
Tip! We have also used centerlines in other tutorials. These lines are actually
auxiliary lines. When you use a sketch to make an extrusion, for example,
SolidWorks only uses the ‘real’ lines and not the auxiliary lines.
In step 13 you have seen that you can easily change a ‘real line’ (or circle of
arc) into an auxiliary line and vice versa. For this the option, the ‘For con-
struction’ box in the PropertyManager must be checked.
12 Next, we will cut a corner

from the model:

1. Click on ‘Features’ in
the CommandManager.

2. Click on ‘Extruded Cut'.

|@Snliderks I O-2-H-=-9-8 v Sk, '\I&'SolidWDrksSearch

b?d Revolved Boss/Base @ . [ Revolved Cut @ Rib
Extruded t Bosst Extruded ' z
Boss/Base - Cut 2 .
- | =
Features ch esthletal Evamte D @& o = ¢ T
P o o N M@ P - M-
e T s = RN _ |
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13 | You can see a small arrow
In the model that indicates
from which side of the
sketch the material will be
removed.

1. Make sure these arrows
point outwards. Click
on it when you need to
change the direction.

2. Click on OK.

S|
[E

B B parts

“

. From 2 A .
| sketch Plane EV:.

D ection 1 3 |

| | A | Thraugh Al |

| | 1

2 T

Flip side ko cut

Tip!

In most cases you will use a closed sketch for an ‘Extruded Cut’. In the case
of a circle or a square you will only make a hole in the shape of that sketch.

In the last step, we used an open sketch to make an ‘Extruded Cut’. It is
handled in the same way except for two differences:

1. An ‘Extruded Cut’ with an open sketch will always go through the entire
depth of the model (‘Through all’). You cannot set a depth.

2. SolidWorks needs to know from which side the material has to be cut
away. You must pay attention to the little arrow, which indicates the
cutting side. By the way, you can also change this direction in a closed
sketch and cut away the material from the inside or outside of the
sketch boundaries.

14 | For the next features we
need an auxiliary line that
runs through the middle of
the model. This axis con-
sists in the model already
but is not visible with the
standard (default) settings.

1. Click on the Hide/Show
Items icon.

2. Make sure the button
View Temporary Axes
is set.

@80IidWork3 i O-F-H-2-9- 8 E - ra. '\",%VSD"dWDrkS Search

&+ Revolved Boss/Base .o [P0 Revolved Cut -1 o Rib (@@ wrap
i ! L1 L

Extruded '-_% Swept Boss/Base Extruded Hole Swept Cut ety Lneas @ Draft e Dome

Boss/Base - Cut Wizard sttt
L)\ Lofted Boss/Base Lofted Cut = & [i Shell @ Mirror

Features | Sketch Sheetietal | Evaluate | DimXpert o PN [ o 2
l— | _l l : | = = {;m@' j]"ﬁ“_'_!;ﬁa"g'

% FBEE > 1 1
(¥ )

Partl —
= @ e A |}’ ”%
", =
™ [

3= Material <not specified= |g”%| 2
% Front Plane E =N
Q Top Plane |:”3+_|
£ Right Plane -

I_. Origin
[+] &fb Rewolvel
[ @ Extrudel ¥ %
=
\\
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15 Next, we can copy the part @snlldWﬂ[kS i D E (=R k) ' El ~ pa. “%"SthWorks Search
with tzeﬂ?u.t three times f@ Revolved Boss/Base s (R0 Revolvedcut | @) | 383 o rib @l wrap
aroun € axis. Extrued \i Swept Boss/Base Extruded Hole Swept Cut LS PL;':_‘:::” @ Draft e Daome

B = Cut Wizard —.

1. Select the last feature: el [\ Lofted Boss/Bass u ik Lofted Cut = = m Shell @, Mirrar
‘Extrudel’ in the Featu- Features | Skeich | ShestMetal | Evaluate | DimXpsri | a Q ,..mgs Linear Pattern
reManager. e i -\‘T &% | Circular Pattern

9 |%|ﬁ,"|v?%”$"@| .@-Mirror
. _ s )

2. Click on the arrow bg (W 3 | curve Driven PR
low ‘Linear Pattern’ in Qib fant £3% | Sketch Driven Pattern
the CommandManager. ||| ® Al nnotations | | 3 | Table Driven Pattern

8= Material <not spacified: | |

3. Click on ‘Circular Pat- & Frant Plane ! | B |riratem
t ) \<§ Top Plane | !

ern. % |
> Right Plane |
L 2rigin
[+ 6&3 Revolvel
& . Extrudei* 1 |
16 |1. Select the centerline B part1

that runs through the

I'% WII%II P

middle of the model. E
2. Change the number of Para s P
copies in tht‘a !Droperty- |§|Iﬁxl‘s_€l-> |
I\/I(j;\nager to ‘3. I [ 360,000 =)
3. Click on OK. & [ * 2 :_J
Equal spacing
Features to Pattern R
& [Extrudet
Tip! Notice that in the three last steps we first selected a feature in the Featu-

reManager and then selected the ‘Circular Pattern’ command. At this point,
SolidWorks ‘understands’ that you want to use this command for the se-
lected items and automatically adjusts the settings in the PropertyManager.

You can also do this in the reverse order by giving the command first and
then selecting the elements in the PropertyManager.

SolidWorks does not have a preference for how you do it. You will have to
find out for yourself the approach that works best for you.

Tutorial 8: Bearing Puller 8



17 | We will now make a sketch |||% (7|12 @& »
on the lower surface of the ||(7F )
model. Rotate the model so |||% Part]
you can see the bottom Ei |§A_| Annatations 2
= Material <not specified= ,——-—7’—__‘——//—-_
plane of the part. e |
1. Click on the surface to < Top Plane '
select it 5 Right Plane
' I_. arigin
2. Click on Normal To in & o Revolvel
[+ {[=] Extrudel
the menu that appears. T
18 Draw a Centerline.
1. Put the first point right
on the origin.
2. Set a second point at a
random distance direct-
ly below the origin.
19 Draw a circle and a line at

the locations indicated on
the right.

The midpoint of the circle
must be on top of the cen-
terline.
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20 | Make a mirrored image of B SolidWorks i O-2-H-=-9- B & - sk. O soldworks Search
- s coonon [ 2 - O - A e Tt offet 555 urear slReater | Pl
1. Select the centerline - | [ My FETRE = - %o Move Entities 3 - e
(hold the <Ctrl>-key). Sketch [ Shestietal | Evaluale | DimXpert | :
— |
2. Click on ‘Mirror Entities' | |7 [B] & ]& F!% Part1
in the CommandMa- B Properties 7
nager. & 4
‘Selected Entities R o
Line1 J,i
Linez ¥ i
T;é
| Ewisting Relations ¥ | "
| Add Relations ¥ |
e ¢
 Oipkic s !
For construckion 1 t |$ 2
I
4
21 | Now, set the three dimen-

sions you see in the illu-
stration on the right. Do
this using Smart Dimension
and change the values.

I
) %g"

¥ |5

it

|

|

ol

Tutorial 8: Bearing Puller

10



22 1. Click on ‘Trim Entities’ HisolidWorks i Nt Bl 290 + k... UL~ solidworks Search
in the CommandMa- E & \ - @ - r\J - -_'._:;_-f ﬂ {E\ Mirror Entities
s ot O - D+ 0 - A || T ofet S5 e Secthpation | 2
2. Select the option ‘Trim sl = - o* i Move Entities .
to closest’ in the Pro- [ Features | Sketch [Snesiizal | Evaiais | z i&\
y —
pertyManager. = B partt
Message _
Select an entity ko trim ko the
nearesk intersecting entity or bo
drag to an entity
Dptions 3
|'E| FPowwer krirm
|E| Zarner
|£| Trirmn away'jside
|E| way oukside
|‘ Trim ko closest
23 | Next, click on the parts of
the sketch that must be *
removed. Make sure you
end up with a sketch simi-
lar to the one on the right. I
Should the dimension of 4
10mm disappear as a result ,_*\\ | «
of the trimming command, ™ |
resize that item by using m o~
Smart Dimension again in \ | K 5
the sketch. ,Ei]i-l
1
ol
10
24 | Click on ‘Features’ in the QEisolidWorks i O-2-H-2-9- - 8 & - s 0 ~solidworks search
CommandManager and D#O Revolved Boss/Base ) Revolved Cut @ Rib
then on ‘Extruded Cut'. _ ;
Extruded =t
Boss/Base | I7]
J Al =

L
HR\ part1
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Normal To, and draw two
circles at random positions
like in the drawing on the
right.

25 | You must pay attention to eI 7§ partt
which direction the material
is removed from because
, . " T ]
the sketch is not entirely = \ ;
closed. from A i | *
|Sketch Plare M !
1. Make sure the little ar- o~
row that sets the direc- Direction 1 A 5
tion is pointing inward. (2] [Througn A 1
2. Click on OK. 7 I
[¥]Flip side to cut
N
Draft oukward
| Direction 2 ¥ |
]
26 | Next, we have to make QfiSolidWorks i O-F-H-2-9- 8 E - sk. Q-+ soldworks search
some holes. E Fy) N\ - v||'\J - i Bk I L\ Mirror Entities &
1. Select the plane as in- B . O 2WR- A | e et Offet S Unear SketchPatiem  ~ | pisayD
dicated in the illustra- . . @ - = z £ Move Entities =
tion. sketmlmmau:mm!mm! R < W@ - - B B
2. Click on ‘Sketch’ in the
CommandManager.
3. Click on Circle.
Circle Type- e
}Purarm:tel‘s 'h"|
27 Rotate the model with
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28

Use Smart Dimension to set
four dimensions in the
sketch, and change their
values as indicated on the
right.

Push the <Esc> key to
close the Smart Dimension
command.

g

10

25
. 40
29 | Next, set the circles to the ||| 7 |12 |5 || = B part
same size: & Properties !
. |
1. Select one of the cir- « 2 /TF
cles. selected Entities # | 2
|
2. Hold the <Ctrl> key e | |
and select the other | ;
circle. ;
3. Click on ‘Equal’ in the e : !
Existing Relations ¥
PropertyManager.
Add Relations R
|5__~:‘| Caradial
|a\| Tangent 40
|@| Concentric o
|:i:| Equal + 3 i
[ e J
30 | Next, set the circles to the EYNERIAEIA =D partt
same height: & Properties !
. |
1. Select the midpoint of ¥ A /*T'—
one of the circles. Selected Entities A |
2. Hold the <Ctrl> key el |
Poinké |

and select the midpoint
of the other circle.

3. Click on ‘Horizontal’ in
the PropertyManager.

| Existing Relations

«

Add Relations

|:| Horizontal
| | | werkical
|: % :| Fix

=
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2. Click on OK.

31 Click on ‘Features’ in the
CommandManager, and af-
ter that on ‘Extruded Cut'.

1. Set the depth to
‘Through All" in the
PropertyManager.

qf &1‘

From®® R
|Sketch Plane !vJ

Direction 1

I" | Through all }
1

[CIFlip side to cut

=

Draft outyard
|0 pirection z Nl
|0 Thin Feature ¥
| Selected Contours ¥

w&m CAES =TI

other ‘legs’.

Manager.

tern’.

32 | We must now copy the

GEiselidWorks i B

2 ﬁ x @ > m x l > Pa... \.LLVSDIidWorks Search

holes we just made to the

1,2 Select the last two fea-
tures in the Feature-

3. Select (holding the
<Ctrl> key) the axis
that runs through the
middle of the model.

4. Click on the arrow be-
low ‘Linear Pattern’ in
the CommandManager.

5. Click on ‘Circular Pat-

t')id Revolved Boss/Baze
H
Extruded '\ﬁ Swept Boss/Base

Boss/Base
.st Lofted Boss /Base

) Revolvedcut @) 298 o Rb @ wrap
Extruded Hole . (& SweptCut e Fl‘-;?.'?:rrn @ Draft 8 Dome
Cut  Wizard
[ Lofted cut

|E Shell I Mirrar

Features | Skefch | SheetMetal | Evaluate | DimXpert
—

FlRl¢lw ~»
%Partl

3= Material <not specified>
% Front Plane
\<§\ Top Plane
: Q Right: Plane
I_, Qrigin
# sib Revolvel

@@ Extrudel 1
E" Ceratternx

i+ [F] Extrude2
E Extrude:3¢ 2

[+ LA | Annotations >

g |-
Fagy Linear Pattern
195 %
| 4

al Circular Pattern

G | mirror
m Curve Driven Patte 5
8y | Sketch Driven Pattern

@ Table Driven Pattern

Fill Pattern
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33 |1. Set the number of cop- % EdlEA S part1
ies in the PropertyMa- ircular Pz
nager to ‘3.
2. Click on OK.
IS |
4 _'_'3sn.uudeg E]J
| | el
i :.3 + I | o]
Equal spacing
h':? ExtrudeZ
Extrudes
rasorsen v
34 Finally, we have to make Wn]lﬂWutks i [~ lH-=-5 - B E - ra. k&'SthWDrks Search
the r_netrlc thread in the b+0 Revolved Boss/Baze E.ﬂ Revolved Cut @ g:g @ Rib [ﬁ Wrap
hole: Ext' = Fillet Linear
uded @ Swept BossBase | Extruded | Hole Swept Cut | Pattern % Draft S Come
Click on ‘Hole Wizard’ in the || 55 A e Bossse Cut | Wizard g | red cut . . (W shet D8 Miror
CommandManager. Features i QO M@ (P - B B -
I_H‘E][-ﬂ_l 2
~
% Part1
£ III Annotations
3= Material @nob enarifisds
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35

Set the following features
in the PropertyManager:

1. The ‘Hole Type’ is Tap.
2. The ‘Size’ is ‘M12'.
Check the other settings to

make sure they concur with
the illustration on the right.

3.  When everything is set
properly, click on ‘Posi-
tions’ to place the hole.

e EA=]

QE Part1

\0_Hole Specification 7.

& K
J’:}‘_I Type |[ P Positions

Hole Type

\EFWHEM

Standard:
150 ]
Type:

|Tapped hale |vi

Hole Specifications Lo
Size:

[m12

[]shaw custam sizing

End Condition #
|T_.| |Thr0ugh all |vi
Thread:

|Through all iv]
Options R
' PRl
[1/[@)[9]
‘With thread callout
[IThread class
Mear side countersink
'_%_;g_' | 14,000mm =
{; . éﬁdeg {H
[IFar side countersink

o

36

Set the hole on the top
plane of the bridge at a
random position.

Actually, you are setting a
point now, which will de-
termine the position of the
hole.

The point is on the plane,
but unfortunately it is not
possible to put this point in
the midpoint of the plane.
To do this, we conduct an
additional step.

= Hnle Paosition

o X
:P_I Type W—F Pasitions L
Hole Position(s) ]

Use the dimensions and other
sketch tools to position the hole
center(s),

Click on the 'Type' tab to define
the hole specification and size.

%|ﬁ| B3 -*E:pam

Tutorial 8: Bearing Puller
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37 |Push the <Esc> key first. EEERE B partt
1. Select the point that =
you positioned in the qfﬁ
last step. selefe }ﬁe A
2. Push the <Ctrl> key :'Q"F;“ |
and select the axis we [
used before for circular
patterns. _
| isti il >
3. Click on ‘Coincident’ in | | ‘E#tngRelations =
the PropertyManager. | Add Relations A
4. Click on OK. Zw 3
. . |)< oincident
The hole will now shift to =
the middle of the plane.
38 | You can now return to the ||[® [ B partt

‘Hole Wizard'.
Click on OK.

[EACIER

T el

" Pasitions

|

Hole Position(s)

Use the dimensions and ather
sketch tools o position the hole
center(s).

Click an the 'Type' tab to define
the hole specification and size,

\

Tip!

When you have to place a hole using the Hole Wizard (steps 36-37), you
are actually making a sketch. By putting a point in that sketch, you are posi-

tioning the hole.

The sketch you are making at this point is not an ordinary sketch, but a 3D
sketch. In a 3D sketch you do not work in a plane (like in a regular sketch)
but in a 3D environment. These 3D sketches will only occur in special appli-

cations in SolidWorks.

Tutorial 8: Bearing Puller
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39

The model is now ready.
Save it as: bridge.SLDPRT.
First, create a new folder,
so you can keep all files to-
gether.

b

WY Part1

[j-- Annokations
- 8= Material <not specified>
. Q Front Plane
& Top Plane
\<§\ Right Plane
L, ovigin
[3---5:;3 Revolvel
[j—- Extrudel
4% cirPatternt
[]—- Extrudez
[j--@ Extrude3
4% cirpatternz

[j—-ﬁ. M1z Tapped Holel

40

We would like to have
more information about this
model. What does is
weigh? Where is the center
of gravity? Is it strong
enough?

To be able to answer these
kinds of questions, we
must first determine the
kind of material to use to
make the part.

1. Right-click on ‘Material
in the FeatureManager.

2. Select ‘Edit Material’ in
the menu.

%> Front Plane

Edit Material

% Top Plan1

%> Right Pla

: I_. Crigin

Copper
6061 Alloy
1060 Allow

41

1. Open the main group
‘Steel’ by clicking on
the ‘+' symbol.

2. Select ‘Alloy Steel’ as
the desired material.

3. Click on OK.

ast Alloy Steel
ast Carbon Steel

ask Stainless Steel
hrame Stainless Ste

|

| Remove Material |

Create/Edit Material. ..

% Bridge

Tutorial 8: Bearing Puller
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42 | We can evaluate the data G@solidWorks p [ - - [l - & - 9 - B B - an.. (- Soldworks Search
now. @ !3 Check & Deviation Analysis @ Draft Analysis
1. Click on the tab ‘Eva- Measure : S Zebra Stripes &R Undercut Detection

. tatisti
luate’ in the Com- | i #f Heal Edges B curvature
mandManager. |_Ffmraf| ikm:i |ih_aeweta1 Evaluate [ Dimotper | B, O S B & (P 6w - B~
2. Click on ‘Mass Proper- % [T &2 > k 1
ties'. (T )
% Eridge
1+ EA:I Annokations A

43 | A menu appears, in which &0 Mass Properties BE
you _Can read the data' In- ’ Prirk. .. ” Copy ] Close ” Options, .. ” Recalculate ]
cluding:

. Output coordinate s;e default -- [v]
1. The weight of the part. Eridge SLOPRT
2. The volume. Selected items:
3. The total surface of the . _
part. This could be im- [¥] nclude hidden bodies{components
portant when a pal’t Show outpuk coordinate system in corner of window
has to be painted' Dnssigned mass propetties
4. The coordinates of the Mass properties of Bridge { Part Configuration - Default ) -
point of gravity. This is Oukput coordinate System; -- default --
also d'lsplayed asa Density = 0,01 grams per cubic millimeter
coordinate.
Mass = 381,39 grams * 1 =
5. V\_/hen you h_ave fi- Wolume = 49531,39 cubic millimeters 2
nished reading the da- y
. Surface area = 18106,06 milimeters~2 * 3
ta, click on Close to
close the window. Centgr:l’oll'g%ss: { millimeters )
¥=11,93 + 4
Z=-0.00
Principal axes of inertia and principal moments of inertia: { grams * square mill
Taken at the center of mass.
Ix = (0,60, 0,00, 0,80)  Px = 16279651 v
(%] Im | (2]

44 Next we want to know if O-F-H-=-9- 8 E - 6. '-i,gvSoIidWorks Search ViRizu=u Bl
the part s strong enough Check %, Deviation Analysis & Draft Analysis s
for our purpose. We want !}) , i

1 t :‘Q Zebra Stripes (& Undercut Detection || COSMOSXpress b3
to be able to pU” 600k9 25 Statistics ﬁ'? Ve . 4 T Analysis Wizard
(=6000N). To find out if el Eipes e . .
our part is strong enough e AN ME F-ov- - B- - A %
for this, we will use COS-

MOSXpress. (&
. . i
Click on the ‘COS- -
MOSXpress Analysis Wizard’

in the CommandManager.
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45 COSMOSXpress starts as a
wizard. You will be led
through a number of steps
and will get a result at the
end.

Click on next in the startup
screen.

COSMOSX press =]

ﬁ CﬂSHOSKpress vy, COSMOSKpress, com

&) Welcome | &) Material | Festraint | Load | Analyze | Optimize | Results

YWwelcome to COSMOSpress. Thiz design analysiz wizard guides you step-by-step
to determing how your designg will perform under certain conditions. |t can help
wou answer tough engineerning questions like:

Will the part break?

Haww will it deform?

Can | use less matenal without affecting performance?
Thiz iz a tool to provide stress analysiz early in the design cycle to catch potential
problems before extensive work haz been done. Mozt analysis problems will require
a comprehensive analysiz product for more accurate and complete real waorld
simulations before final sign-off on a design.

- Mewt> § [ Cloze ] [Qancel] ’ Help ]

46 | First, you must select the
‘Material’. We already did
this so click on Next.

buttan, AS] 1020

Mate that thiz change will get reflected . |
in the Salidwoarks part document. - Cast Alloy Steel  d

’ <Eack] Mexts ] [ Close ] [Qancel] ’ Help ]

COSMOSX press =]
ﬁ cﬂsuosxpress vy, COSMOSKpress.com
& Welcome | ' Materal | Restraint | Load | Analyze | Optimize | Results
Current material : Alloy Steel
Ta change the material of the part, = Steel "
zelect from the lizk and click the Apply A1S] 304

47 | We then establish the ‘Re-
straint’: the fixed part of
the bridge.

Click on Next.

COSMOSXpress (=]

ﬁ cusuosxpr&ss vy, COSMOSXpress com

& ‘Welcome | & Material | Restraint | Load | Analyze | Optimize | Results

e will now collect information on where brugstul is fised. You can specify
multiple setz of Restraintz. Each set can have multiple faces.

i [ Cloze ] [Qancel] [ Help ]
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48 Select the inside of the || % |72 & & »
threaded hole in the (7 D)
model. In this calcula- W Bridgs
tion we assume that (gL Annotetians
this is the plane that is 3= oy e
X &> Front Plane
fixed and cannot move. X3 Tom nisns
. 5 R } (DI
2. Click on Next. 2
g ﬁ cosuusxpress iy, COSMOS press. com
I+ 6'-;-'0 R = = — - = e - .
o @ E 2 welcome | 9 Material | Restraint |Load || Analyze | Optimize | Results |
9 <
[+ B Enter a name far the restraint zet:
= EE Restraint]
E‘} g Select one or more faces to be restrained for this set:
= fi |
Show syrbol 2
[ <Back I ’ Mewsts [ Cloze ] ’ Cancel ] [ Help ]
49 |When desired, you can add || COSMOSXpress Gl
more fixed planes. In this ﬁCOSHOSKprEss vy, COSMOSKpress.com
example we will not do so, : . =
. & Welcome | & Material| % Restraint | Load | Analyze | Optimize | Results
so click on Next.
To add a new restraint set, click Add. To edit or delete an existing zet,
zelect it fram the list and click Edit or Delete.
’ <Back ] Mexts l [ Close ] [ Cancel ] ’ Help ]
50 |We have now reached the COSMOSXpress ==
tab where we can set the ﬁCOSHOSKprESS v COSMOSHpress.com

‘Load’.

Click on Next.

% Welcome | & Material | ® Festraint| Load | &nalyze | Optimize | Fesults

we now collect infarmation on loads acting on brugstuk. You can specify
multiple setz of Forces and Pressures. Each set can have multiple faces.

'’ i

E Mexts | [ Cloze ] [Qancel] ’ Help ]
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51 |You can set the load as a COSMOSXpress ==

pressure or as a force. ﬁCOSHOSlpress v, COSMOSKpress.com

1. Select ‘Force’. & \Welcome | & Material | & Festraint| Load | Analyze | Optimize | Results

2. Click on Next. 1

Seledlithe tupe of load acting on brugstuk.
() Pressure 2
’ <Back ] I Mexts [ Cloge ] [ Cancel ] ’ Help ]

52 Select the six holes in

which the arms will be
mounted.

Click on Next.

YA

(¢ ? 3]

% EBridge

[+ |£| Annotations
§E Alloy Steel
% Fronk Plane
s Top Plane
% Right Plane
I_. origin

wiww COSMOSpress com

53 COSMOSXpress

'E" “Welcome || @ Materialll_ & Restraint| Load .&_mal_l,li Ep_tim.izem Fiesulltsl_

Erter a name for the load set:

Loadl

Select one or more faces to apply laad far thiz set:

Faces :5_?‘?-.
Face< B »

[ ¢Back ] [ Mest> KUDSB ] [ Eancel] [ Help ]
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N’ (Newton).

53 You must now set the di-
rection of the force.

1. Check the option
‘Normal to a reference
plane’. You will set the
force in one direction
with this command.

2. Click on ‘Top Plane’ in
the FeatureManager.

3. Set the force to ‘6000

4. Check ‘Flip Direction’ in
order to let the pink ar-
rows point downward.

5. Click on Next.

e FRE® >
(7 )
Qé EBridge

1+ |£| Annotations
§E Alloy Steel
&5 Front Plane
Q Top Plane: 2
\<§\ Right: Plane
I_. Qrigin
COSMOSXpress

vy, COSMOSH press.com

5§ COSMOSXpress

@ welcame | @ Material | & Restraint| Load iﬁa}?ﬂ_ﬂptii‘n.i'ze F'i'ésullts__

Select the direchdn for Load1
(@) Bltoeach selected face
(&P Noimal to a reference plane
Select a reference plane:

Specify the force value to be applied to each face in the et

EO00 { —i:l
Flip directio 3

Next.

so in this example. Click on

K] Show symbol 5
4 [ <Back ] [ Mest: [ Cloze ] [ Cancel ] [ Help ]
54 You can add more forces in | [€0SMOSXpress Gl
you like, but we will not do 53 COSMOSXpress BB e e

& Welcome | & Material | & Flestraint| & Load |Analyze Optimize | F% [+ |

To add & new load zet, click Add. To edit or delete an existing set, select it
from the list and click Edit or Delete.

oad] dd

Edit

’ <Eack] Mexts l [ Close ] [Qancel] ’ Help ]

made.

Click on Next.

55 The calculation can now be

[ COSMOSXpress SE

ﬁ cusuosxpress vy, CO5M 0S¥ press. com

) ‘welcome | & Material | %) Restraint | & Load| Analyze | Optimize fel>]

“W'e now have enough information to run the analysis of brogstuk. Do wou
want bo analyze it with the default settings?

@iy,

() M. | want to change the settings.

zl

[ <Eack] I Mext» [ Cloge ] [Qancel] [ Help ]
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that the lowest factor of
safety is 1.7. The part is
strong enough (read the
tip below).

Do you want to see the
weak spots?

1. Set the FOS value to ‘3’
(as an example).

2. Click on ‘Show me’.

You will see the weak
spots in red now.

56 Click on ‘Run’. COSMOSXpress =
ﬁ cosuosxpress vy, COSMOSKpress.com
% Welcome | & Material | & Restraint | & Load | Analvze | Optimize | FL4|L#* |
Click Bun to perform analysis. This process may take a few minutes...
[ <Back ] l Mexts ] [ Cloge ] [ Cancel ] [ Help ]
57 The result of the analysis is

% Eridge
+ fil Annotations
3= alloy Steel
% Front Plane
\<§\ Top Plane
Q Right: Plane
1. origin

53 COSMOSXpress

BITR[ 2w >
7 )

% Material | & Restraint| @ Load | @ #nalyze | Optimize | % Fesults |[ <[> |

Congratulations. The analysis iz complete.

Model name; Bridge
Study name: COSMOERpressStudy
Plat type: Design Check Plotd
Criterion : Max von Mises Stress
Fed= FOS=3 =Blue

vy, COSMOSHpress, com

Based on the specified parameters, the lowest factor of safety
[FO5] found in your design iz 1.74033

Show me critical areaz of the model where FOS iz below: |5 + 1
2

Click Mext b further review the results or clicﬁlose to et the Wizand.

(o] (e K ) T

Tip!

The factor of safety (FOS) is a number calculated by COSMOS. When the
FOS value is less than 1, the part will collapse when the given forces are
applied. When the FOS value is more than 1, the model is strong enough,

maybe even too strong.
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58 Because the calculated FOS || COSMOSXpress =
value is 1.7, the construc- ﬁCﬂSHOSKpress v, COSMOSHpress. com
tion of the model is ob- : : —

. & Material | & Restraint | % Load | & Analyze | Optimize | & Results| [ 41% |
viously too heavy.
You can now decide to op- . s desi
. . h t o ot [ :
timize the design by setting pamnan °°'°1'm'ze 1 e
the FOS value to exactly {
L. @es
1. Click on Yes. O o
2. Click on Next. 2
’ <Back ] I Mexts [ Cloge ] [ Cancel ] ’ Help ]

59 We will alter a dimension, COSMOSXpress |
so the FOS value will de- ﬁCOSHOSKprESS v, COSMOSHpress.com
crease to 1. ; : —

% Material | ® Restraint | % Load | @ Analyze | Optimize | & Results| [41*
Click on Next.
Select one of the following cntena for the optimized part and then click
Mest. < > shows the current value
®Factoraf Safey [FOS] 5 |1 <1741
) Magimum Shiess < M/m"™2 <3 BEde+008:
() Magimum displacement < ] <B.873e-002>
’ <Back ] [ Mext Close ] [ Cancel ] ’ Help ]
60 All dimensions are visible

now.

1. Select the dimension of
25mm that indicates
the height of the mod-
el. Make sure to select
the right dimension! In
the pink selection field
in COSMOSXpress you
can see the selected
dimension is extracted
from ‘sketchl’ (the first
sketch you have made
in this part).

2. Set the minimal height
to ‘18mm’.

3. Set the maximum
height to ‘25mm’.

4. Click on Next.

IR ew >
T )

% Bridge a,
+ |_£| Annotations |

3= alloy Steel
<% Front Plane
Q Top Plane
% Right Plane
L, Crigin
COSMOSX press

53 COSMOSXpress

%) Material | @ Restraint | # Load | @ Analyze | Optimize | & Resuls| (4% |

v COSMOSHpress con

Select the dimension vou want to change

D2@Sketchl =B ridge. Part

Cument Walue:

i
Lower Bound: 18 t %

UpperBouq 2
[ <Back} Mest: ] ’ Claze ] [Cancel] ’ Help ]
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61 Click on ‘Optimize’. COSMOSXpress ==
ﬁ cusuosxpress vy, COSMOSKpress.com
@ Material | @ Restraint | & Load | @ Analyzs | Optimize | @ Resuts| (212 ]
Click "Optimize". This process may take a few minutes...
’ <Back ] [ Mexts ] [ Cloge ] [ Cancel ] ’ Help ]
62 | COSMOSXpress has calcu- || S |7 B] & & >
lated that the model can v
be reduced in height. The § rige
weight has reduced by t-{A] Annotations
22%, from 381 grams to i; i
» Front Plane
297 grams. %% Top Flane
Click on Next e e
’ L Crigin
COSMOSXpress
ﬁ cusuosxpress wan. COSMOSHprass com
@ Material | © Restraint | & Loaci_;:_;@ Anal}lﬁ’ & Optimize | & Fiesull?z‘,f,’ J
Optimization complete! Mew design weighs 22.15% lezs than the initial
dezign!
Arimate
Initial dezign 0.3814 kg Set > -
/" Final design 0.2969 kg Set
Click nest o views agelysiz results for the active design!
<Back [ Cloge ] [ Cancel l [ Help ]
63 You can now see the re- COSMOSXpress =
sults of the calculation. ﬁCOSHOSlpress vy, COSMOS K press.com
The distortion during the & Restraint | & Load | @ Analze | © Optimize | ¥ Results [«]]

application of the force is
clear now.

1. Click on ‘Show me the
displacement distribu-
tion in the model'.

2. Click on Next.

Select one of the following result types and then click Mest

() Show me the stress distribution in the model

Shaws e bhe displacernent distibubion in the modet

Show me the deformed shape of the model
() Generate an HTML report
1 () Generate eDrawings of the analysis results

[ <Eack] I Mests Close ] [Qancel] I Help I
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64 You can now see how the
model distorts (exagge-
rated display) under the in-
fluence of the force.

1. Click on Play to see an
animation of the dis-
tortion.

2. Click on Stop to stop
the animation.

You can save the anima-
tion in a separate file if you
like.

3. Click on Next to go on.

S ERew >
(T b
Q& Bridge

I+ |_£| Annotations
3= alloy Steel
&5 Front Plane
% Top Plane
¥ Right Plane
L, orign

'-COHS'MOS)'(]Jress

5§ COSMOSXpress

| & Restraint | @ Load | @ Analyzs | @ Optimize| @ Results | [l

Click on one of the following buttons to play, stop or save the animation.

fE F
1 20 4 i
[ <Back ] [ Nextﬁ Cloze ] [ Cancel ] [ Help ] _‘

| | D00e-030

65 You will now return to the
screen from step 68. You
can try other options if you
like.

Click on Close when ready.

COSMOSX press | E

ﬁ cosuosxpress vy, COSMOSHpress. com
& Restraint | & Load | & Analyze | & Dptimize|m e

Select one of the following rezult types and then click Mest
) Show me the stress distibution in the modsl
(S how i
() Show me the deformed shape of the model
() Generate an HTML repart

isplacement distibution in the modet

() Generate eDrawings of the analysis results

[ <Eack] I Mexts l [ Close Qancel] [ Help l

You can now save the data
that was generated by
COSMOSXpress.

! E Do ywou wank ko save COSMOSKpress data?
.

[ Yes Mo ] ’ Cancel
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67 | Save the changes to the Q@solidWorks p [~ 2 -Jd - & -9 - B &l - 5. (- Soldviorks search
file. @ m iy &) Check ":@. Deviation Analysis ﬂ Draft Analysis
Click on Save in the Stan- Measure  Mass Section - NS Zebra Stripes 3 Undercut Detec!
dard toolbar. Properties Properties Statfistics f‘! Heal Edges ‘ o

S S| s (S &, W 5~ 3 0v o -
B Rew >
% Eridge
1+ [il Annatations
3= alloy Steel
%% Front Plane
%% Top Plane
@ Righk Plame
I_. Origin
I+ 6{6 Revolvel
= Extrudel
. | I H
Work plan The next part we will make is one of the arms. In the drawing below the
part is already completed.
We will build this model by shaping the upper circle and lower part of the
finger and will add the arm as a sweep later.
68 Open a new part. 14

Start a sketch on the Front
Plane.

Draw a circle with a diame-
ter of 16mm, with the mid-
point above the origin.

Tutorial 8: Bearing Puller

28



i :-" 3 = E
69 Mgke_an ?xtrusmn from %/ 5 [ B part
this circle: ;
mE
1. Select the option ‘Mid
Plane’ in the Property-
Manager. kLo
2. Set the thickness to
‘10mm’. Direction 1 R i
3. Click on OK. [CEEN -
2 I
o | 10.00mm * 2
N
[ Thin Feature vl
Tip! We have not used the Mid Plane option before. This tool is very convenient
when you want to build a symmetrical model. The sketch will extruded
equally wide in two directions.
70 Select the Front Plane

again and make the sketch
similar to the drawing on
the right.
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71 Make an extrusion from

this sketch.

1. Use the option ‘Mid
Plane’ again.

2. Set the thickness to
“10mm’.

3. Click on OK.

&"ﬁ I |% " $‘ ||@ | & % Pattz
e, ST
Frol )
|Sketu:h Flane M
Direction 1 =
Mid Plane w
a

o | 10.00mm ‘ =
Merge result

(in)

Draft oukward

72 We will create a sweep
now. A sweep is a feature
in which you extrude a
sketch next to another
sketch. So, we have to
make two sketches first.

Select the Front Plane and
make a new sketch on it.

1. Click on Arc in the
CommandManager.

2. Select 3-Point Arc in
the PropertyManager.

3. Click on the origin to
set the starting point.

4. Click at the point as il-
lustrated here to set
the end of the arc. Its
position does not have
to be accurate at this
point.

5. Click at the third point
as illustrated here.
Again, accuracy is not
required.

Add two sizes as illu-
strated.

It does not matter if the
arc is not properly aligned
at this point.

GElSelidWorks :J

LJ

L:.% ¥ ﬁ * E% ¥ M) * l * B '\‘%‘SodeDrksSearch

2E | > D\ Wirror Entities ¢
i Smart 1 Trim  Conwvert oma | Display
Sketch | Dimension 0l - ' Gl A Entities Entites Or=ct 283 Linear Sketch Pattern |

2 Relz
Entities
. ® %] | - .

gn Move Entities -

Features | Sketch | Sheetbetal | Evaluate | Dimdpert | QS BE F- - - B~

JEH@T'E ||¥||E] =B parz

- 3
wé’
Arc Type s

| Parameters

4.
Z

105

| PPy |
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73 1. Select the upper end of

the arc.

2. Select the bottom end
of the arc too (use the
<Ctrl> key).

3. Click on ‘Vertical in the
PropertyManager.

Y EEEA

T Properties
« 4=

-3

Selected Entities

Paink1
Paink2

R4

| Existing Relations

3

Add Relations

| = | Horizontal

| | |Uertlcal* 3

| 7] | Fizt
|£| Merge s

= % Partz

105

74 We will use this sketch lat- Wnlid'ﬂ'o[ks i D i o ﬁ i @ i M) i ! B \L:l'vSolidWDrks Search
er on.
E Fo N@ - BE | & Mirror Entities [
Click on ‘Exit Sketch’ in the Bt | smart Yoy 9, A\ | Trm  Convert S 288 |inear ketch Patte | Display
sketch | Dimension | o T i | Entities Entities Entitiees ams -Near 2 | Rel
CommandManager to close = @ e o o = i Move Entities o
the sketch. e . s
Features s%mmdutmmlnhm{ QASHEBE-P- o~ - B
I% T I?Fa s (\
©/ 11
ﬂ Partz
75 The second sketch is made N -=-8. 8 - 3,.. L~ salidworks Search ) 2w 1
at a right angle to the end = =
of thegfirst SEetCh For this 155/Base ) Revolved Cut @ L @ rRib  [E@ wrap ‘4-}1*
' B Extruded  Hal @ Swept Cut Fillet Linear ﬁ Draft 8 o Reference >
we need to create an aux- e .mf:rd WepLLR Pattern e oM | Geometry
“iary p|ane first. (Base m Lofted Cut = ﬁ Shell Mirrar -
] ethletal | Evaluate [ DimXpert @, | @ Plane
1. Click on the ‘Features’ ' 6 W fis 2
H s
tab in the Command- - J_. Cordinate Syetan
Manager. S— % |Point
2. Click on ‘Reference ]l | Mate Reference

Geometry'.

3. Click on ‘Plane’.
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76 | 1. Click on the upper end || S |T [ ] 4| & B9 partz
of the arc that you | |
drew before. The aux- | |">" 7 1 \
iliary plane will be posi-
tioned at a right angle Selections A o)
to the end of the arc. ) arc1@skechs
2. Click on OK.
|E| Through Lines/Points
|§| Parallzl Plane at Point
Y
(=]
@ Mormal ko Curve :
|:| Set origin on curve
77 Rotate the model so you |t3 |ﬁ || [} || ||@] »
will have a clear view of N
the plane you just created. f@ Part2
. [+ |A] Annatati i
1. Click on the last men- ;' % 52;;51;.::(2)
tioned plane. 3= Material <not specified> T |2 =
2. Click on Normal To in g izn;:f:e BB & & (1
the menu that appears. % Right Plane
I_. Origin
& @ Extrudel
i+ @ Extrudez
[ Sketcha
Z}\ Planel
1
78 Zoom in on the origin, and

draw an ellipse:

1. Click on Ellipse in the
CommandManager.

2. Click on the origin.

3. Click on a horizontal
position besides the
origin to set the long
axis of the ellipse.

4. Click straight above the
origin to set the short
axis.

The exact dimensions do
not matter yet.

mﬂnlld'ﬂorks i D H @ @ ! El - s '\%‘SodeorksSearch

E O N-O- r\J - BE i > L\ Wirror Entities {

- f:} - v|& E-nrglg-les E?.Tj\;zt Offset ::: Linear Sketch Pattern - Dlsgl:l'il
Entities .

@ _\l - ¥ 1 gn Move Entities -

:&mimfmﬁj Yl E F-oor- - B~
J_l|ﬁ||?é"$‘||@] = #® parz
E

4
Existing Relations A

L

ﬂ Under Defined

Add Relations 3

|§| Fix
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79 Set the dimensions of the
two axes as illustrated on
the right with Smart Di-
mension.

7.50

12.50

80 This sketch is now done,
so Click on ‘Exit Sketch'’ in
the CommandManager.

[l SelidWorks :J O-2-H-=-9-8 + 3., L Solidiarks Search
E @ \ & @' & N i E‘E @ ﬁ] ﬁ}. Mirror Entities

Entiies .
y T\ L = - %o Move Entities -

Smart E Trim  Convert oma Display/
O-=-8-A Enities Entities OffSet 223 linearSketchPattern. | 5 5%

-

sketch [ Shesthletal | Evaluate | DimXpert | QO SHWE P o - BEi-
e ERleE >
(T y)
B Partz %

# [A] Annotations

i+ (@] Solid Bodies(z) ‘ /—_ \ ‘
3= Material <not secified>

81 We will combine the two
sketches to a sweep.

1. Select the sketch with
the arc in the Feature-
Manager.

2. Select the sketch with
the ellipse too (use the
<Ctrl> key)

3. Click on ‘Features’ in
the CommandManager.

4. Click on ‘Swept
Boss/Base’.

mﬂnlid'ﬂorks i O-F-H-=-9-8 il '&vSoIidWorksSearch

; [ Revolved Cut @ .ggg & rb @ wra

(; Swept Boss Base Extruded Hole |[_E Swept Cut Filet  Linear Draft [ Dom
Pattern

= H Gyt Wizard . o

L\ Lofted Boss/Ba 4 Lofted Cut - = i Shell Mirrs

Features | Skeich [ ShestMetal | Evaluate | DimXpert | @ 0% m @
KYiEi. R
(7 2 .
W Partz

| |_£| Annotations

(@] Solid Bodies(2)
3= Material <not spedfied>
@ Front Plane

@ Top Flane
&5 Right Plane
I_, 2rigin
1+ @ Extrudel
[+ @ Extrudez
e SkeEchB* 1
Q Flanel
e lf-)'SkﬁtcH*lk A "
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82 You do not have to set any
other features in the Pro-
pertyManager.

Click on OK.

B EEEAA

®H % Partz

C, Sweep

« K

Profile and Path A

o Er—
f || sketch

Options ]

Crientationtwist bype:

|F0|I0w Fath M

Path alignment bype:
|N0ne M

|:| IMerge tangent faces

Show preview
Merge result
[ align with end faces

| Guide Mrves w |

&,
B

Py

83 The connection between
the arm and the top and
bottom parts has to be fi-
nished.

Click on ‘Fillet’ in the
CommandManager.

1. Select the cutting edge
between the arm and
the upper circle.

2. Set the radius to ‘5
mm’ in the Property-
Manager.

3. Click on OK.

eV EA=

o,
Manual Fill=txpert |

Fillet Type F-3
(%) Constant radius
() yariable radius
() Face fillet
) Full round Fillet

Ttems To Fillet #|
A | 5.00mm
1 edge<1>

[CIMulkiple radius fillet
Tangenk propagation
() Full preview

() Partial preview

D Mo preview

% partz

EE ]

laaal
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84

Next, round off the con-
nection at the bottom.
Click on ‘Fillet’ in the
CommandManager.

Select both cutting lines

to ‘5mm’.

now. The radius is also set

(|7 [B] %@

o
IManual Fillatxpert |

Fillet Type 3

(%) Constant radius
(" ¥ariable radius
(i Face Fillet

(o Full round Fillet

% Partz?

h

‘Items To Fillet £
2\ | 5.00mm * 3
m iEdge::l}
|Edge<2'h.
[CImMultiple radius fillet
Tangenk propagation
(&) Full preview
() Partial preview
{:} Mo preview
86 Finally, we have to put a
hole in the upper circle to
accommodate a bolt.
Make the sketch as shown
on the right.
87 | Make an ‘Extruded Cut’ @|@|E"$HE] =B partz
from this sketch. & Extrude.
1. Set the option gl G
‘Through All' to go all . : A
the way through the [sketeh Plane ]
material.
2. Click on OK. Drectiont &
| 7 | | Throush Al * 1

g N

[ Flip side ko cut

=
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88 Save the file as: L_ﬂbﬂll(lWU!hb J D H @ M) I = - \,l'VSthWDrksSearch

Arm.SLDPRT.
@ Revolved Boss/Base ) Revolvedcut @) 838 R R
- [ . :
Extruded (5 SweptBoss/Base Extilfded Hole . [E SweptCut o Fl,'l;';arrn % Draft B Darmg
Boss/Base - Cut Wizard
[\ Lofted Boss/Base . Lofted Cut - o E Shell @, Mirra

|Features! Skefch | SheetMetal | Evaluate | Dim¥pert | @ o % W « B G- S B~
SRR >
(¥ )

W partz

[+ IE Annaotations
3= Material <not specified:
%% Front Plane
%} Top Plane
% Right Plane
I_, rigin

# @ Extrudel

u;_-u @ Extrudez
‘<§\ Flanel

i @ Sweepl
] Fillet1
@] Filtz

=-[[@] Extrude3

89 | Of course, we also want to O-F-H-=-9- B E - . Qsoidworks search g A 3
know if the arm is strong , :
e |. Check "3 Deviation Analysis Draft Analysis
enough for our purpose. (5 ) bs B B

action 3gnostcs ﬁ Zebra Stripes ﬁUndercutDehecﬁon COSMOSkpress 3

The complete tool should P Shabstics fy’ Analysis Wizard

be able to pull 600kg, or Heal Edlaes “ SEvatas

about 200kg (=2000N) per e I_D'*”WT @ q \i v G S~ B 2 ’... A

arm. -
1. Click on the tab ‘Eva- =7 1

luate’ in the Com-

mandManager.
2. Click on ‘COS-

MOSXpress Analysis
Wizard'.

Run the wizard by clicking
Next every time. We will

only display and describe
the steps that need input.
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90 | Define the desired materi- COSMOSXpress B[E
al: ﬁ COSMOSXpress w, COSMOS K press.com
1. Select ‘Alloy Steel'. & Welcame | Material | Restraint | Load | Analyze | Optimize | Resus
1. Click on ‘Apply’ (dO not Mo maternial has been specified.
forget!). 1
; Select a material from the list and click = Steel i"]
2. Click on Next. the Apply bution, AlS) 304
Mate that this ch ill get reflected Sl 1020
ale nal 15 Change will get refleche T = ]
in the Salidworks part document. il Szl
Cast dlloy Steel [v]
3 A ——r
2
’ <Back ] Mexts l [ Cloge ] [ Cancel ] ’ Help ]
91 Define the ‘Restraint’ (this N\

is the fixed plane):

1. Select the hole where
the bolt goes through.

2. Click on Next.

COSMOSXpress =E

ﬁ cosuosxpress wiwa COSKMOS=press. cam

| ¥ Welcome Materialj Restraint !Load Analyze | Optimize | Results |

Erter a name for the restraint set:
R estlaiﬁﬂ

Select one or more faces to be restrained for this seb:

Show symbol 2

[ <Bau:k] [ M ert I Cloze ] [Eancel] [ Help ]
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92 Set the ‘Load’,

1. Select the plane in the
model as illustrated on
the right.

2. Click on Next.

‘\\

wiy. COSMOSHpress com

53 COSMOSXpress

2 ‘Welcoms M:aterial_:__@ Reshaint| Load | Analyze | I:_ip_.timize__ Hesuits_

Enter a name for the load set:

Loadl

2

[ <Back] [ M et I Cloze ] [I:an-:el] [ Help ]

93 Set the force to ‘2000N’.
The pink arrows in the
model must point down-
ward. When they do not,
click on ‘Flip direction’.

SB[~

COSMOSXpress

vy COSMOSpress. com

5§ COSMOSXpress

& ‘Welcome |  Material | & Restraint| Load | Analyze | Optimize | Results

Select the direction for Loadl
(=) Mormal to each selected face

O Mormal to a refersince plane

Specify theﬁue to be applied to each face in the zeat:
2000 N ™

[ Flip direction 2
Show symbol

Close ] [Qancel] [ Help ]

[ <Back ] I Mests
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Click on Next.

&) Material | & Restraint | # Load | & Analyze | Optimize | & Results L] ]

Select one of the following critenia for the optimized part and then click

Mext. < » shows the curent value

94 After the analysis is done,
the FOS value turns out to
be 0.98. So this is just not
enough!
1. Fillin ‘1.5 in the menu.
2. Click on ‘Show me’. COSMOSXpress =
You can now see clearly 554 COSMOSXpress vwow. COSMOSXpress.com
where the strain is the @ Materisl | @ Restraint | @ Load | & Anslyze | Optimize | & Results | (41> ]
highest: on the inside of
the arm. Conaratulations. The analysis is complste,
3. Click on Next. Based on the specified parameters, the lowest factor of fjflziy
[FO5] found in your design iz 0.98965 ‘a
Show me critical areas of the model where FOS is below: |1 5
2
Click Mext to quer view the results or click Close to exit the Wwizard,
[ <Back ] Mexts ] [ Cloze ] [ Cancel ] [ Help ]
95 We can strengthen the part || C0SMOSXpress (=]
by decreasing the curve of ﬁCUSHUSlprESS vy, COSMOSpress.com
the arm, so the radius will : ; — e
. &) Material | ' Festraint | # Load | % Analyze | Optimize | & Results| [41*
Increase.
Do you want to optimize this design™?
oiT ‘— 1
OHo
[ <Back ] [ Mests [ Close ] [ LCancel ] [ Help ]
96 | We improve the model to COSMOSXpress =
get a FOS value of 1. ﬁCUSHUSlprESS vy, COSMOSpress.com

(%) Factor of Safety [FOS] |1 < 0,990
(O Masimum Stress < M2 <6 269e-+005:
(O Masimum displacerfint < mm <2 .259e+000>

[ <Back ] Mests ] [ Close ] [ LCancel ] [ Help ]
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97 1. Select the dimension
‘R75’ in the model. We
will change this radius
to optimize the model
2. Set a minimum value
of ‘75"
3. Set a maximum value COSMOSX press =)
of '85'. ﬁBUSHUSKpress v, COSMOSKpress.com
4. Click on Next. & Material | & Festraint | & Load | 8 Analyze | Optimize | & Results| | 4] * |
Pay attention: the mini-
mum and maximum values Select the dimersion pou want bo change
are values that should be
within a certain range. L2@Sketch3E@mPart2 Part
When you change a value
Current Walue: mm
that leads to an error,
COSMOSXpress cannot use Lower Bound: 4 ?5
that value. Upper Bound: 83
[ <Back | Meut> ] ’ Claze l [ Cancel l [ Help l
98 COSMOSXpress has now
changed the dimension.
If you would like to see
more data (e.g., the distor-
tion), click on Next.
If not, end COSMOSXpress COSMOSXpress =
by clicking on Close. ﬁ COSMOSXpress v, COS MO 5K press.com
& Material | @ Restraint | & Load | @ Analyze | ® Optimize | & Resull 1
Optimization complete! Hew design weighs 2.08% less than the initial
dezign!
Animate
Imitial design 0.0849 kg T > -
" Final design 0.0831 kg Sel
Click rest to view analyzis results for the actiyy designl
[ <Back ] [ et ] [ Cloze [ Cancel ] [ Help ]
99 Save the changes to the

file.

Work plan

The third and last part of this product is relatively simple: an extended bolt
with an M12 thread. In the drawing below you can see how this part looks.
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We will create the rod with the thread and the pointed end as a rotation
form. The hexagonal part will be added to this as an extrusion.

100 | Open a new part.

Make the sketch as you
can see on the right on the
Front Plane.

é

110
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101 | Make a Revolved 7R 4 &) = @ part1 ——t
Boss/Base from this [~
ketch.
sketc & _
1. Select the line which revale e ters A -
you want to use as a ~, [iE | T
rotation axis. o | = 1
ﬂ] One-Direction v
2. Click on OK. E
[ | z60.00deq ] ‘
| [] Thin Feature 1 | I
|
| Selected Contours 1 | [
102 | Select the top plane to the

model. We will make the
next sketch on this.

Rotate the model to Nor-
mal To.
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103 | Click on Polygon in the  AfselidWorks i O~ -H-2-9-. 8 E - . Qv solidworks search
CommandManager. E| o Nr@ - % b 3 £\ Mirror Entities o
Draw a hexagon, and set || || Mo\ O1- 9~ @ - A ik Siver ofet i inesrscwneaten - %28
the dimensions according . @ M- . . ** B Move Entities -
to the illustration on the e i ” Lo ; :
g - PRSI aasnE- 3 o8 8-

s xRle|& " »
Make sure that one of the (F )
vertices of the hexagon is B Partt
vertically aligned directly i+ [A] Annatations
above the origin_ 3= Material <not specified:
Q Front Plane
%} Top Plane
% Right Plane
II_. Crigin B ..é“
i+ 6Fa Revolvel
B () sketcha /
_] o7

104 | Make an extrusion from EYERIEAA = B partt

this sketch.

1. Set the height to J‘Ej‘ o)

25mm’. From = A

2. Click on OK. |Sketch Plane [v]
Direction 1 A
|4‘_,| |Blind [v]
g I
& | 25.00mm * 1

Merge result
(]
105 | We have to create a sloped | |[® |7 |12 | & |

edge at the top of the hex-
agon head.

Select the ‘Right Plane’ in
the FeatureManager, and
rotate the model Normal
To.

W Part1
| A Annotations
3= Material <nat specified:

% Front Plan = —f

% Top Plane E - =L|$

G Right Plan

L. origin ‘ 1

i+ sjra Revolvel

B

i+ [ Extrudel
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106

Make the sketch as in the
illustration:

Draw the centerline from

the origin vertically up-
ward.

Next, draw a triangle.

Add two dimensions to
finish it.

LI

107

1. Click on the tab ‘Fea-
tures’ in the Feature-
Manager.

2. Click on ‘Revolved Cut’.

@Enlid'ﬂorks i D-2-H-=-9- 8 A %'SolidWorksSearch

&% Revolved Boss/Base « |0 Revolvedcut | & Rib
::-r- . - t
Extruded ept Boss/B Extruded Pattern 3 Praft
BossfBase - Cut r = = 7]

| Features |‘smm fMM Evaliate | m‘ﬂ‘ﬂﬁt.{l u_‘%__{) W HE P S - B
L
G ) /<\

2 I =

fE Parti

108

Click on OK in the Proper-
tyManager.

i~ Cut-Revolve ?

o,

Revdly

&3] R Partl

arameters

", |tinet

|§| | One-Direckion

[ [3e0.00deq

B E] LIS
N

&«

| [ Thin Feature

&«

| Selected Contours

e
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109 F|na“y, we will cut thread '@ﬂnlidWorks 4 File Edit 1”’ — Tools Toolbox PhotoWorks  Windaw  Help W,L
son the bolt. . =
AR -:IBc-sszasez | BossiBase r P p08 iy mib (@@ wre
You will find the command Extruded ES'n'EptBDSSfBESE =Extrud | Cut A F',‘;:'__E;rn B cratt @ Don
for this in the Pull-down s [1 Lofted Boss/Base ot jrenlings ’ - - E Shell Mirr
menus: Features [Poren hiea | E | Patkern/Mirrar 4 . .
h I %l f ‘ | Fastening Feature v |8 (D G- - B
1. Open the Pull-down = a5 »
s BEIRIe. > e ;
: (7 )
| Face L4
2. ‘Insert’. %f‘artl Curve L4
LA | Annokations ,
‘Annotations’. 8= Material <not specified: Referonceiaenmeiny
) Q Front Plane Sheet Metal »
4. ‘Cosmetic Thread'. %> Top Plane EE e
%>‘ e Weldments 4
; ig
i 3
o Malds '___'_‘\
i GB Revolvel F:R?; Part...
1+ @ Extrudel . .
[+ Cut-Revolvel
B sketch
¥ | 30 Sketch
DEF/DWG, .
i | A
_:J Annokations A ‘Note...
Design Table. ., 5
Object... Vr Surface Finish Symbal..,
g Hyperlink. .. /7| Weld Symbal..,
T Geometric Tolerance. .. 4
: @ Datum Feature Symb. ..
‘@ Dakurn Target. .. #
| cosmetic Thread. ..
110 | 1. Select the edge of the || S [T [ | @] B partt
plane you want to con- T
vert into thread.
2. Set the diameter to R things =
10.2mm’. QO e
3. Click on OK.
Up to Mext |:]
@ | 10.20mm * I 2 :
| Thread Callout a|
I 1 L
111 | To display the thread you

can:

1. Right-click on ‘Annota-
tions’ in the Feature-
Manager.

2. Click on ‘Details’.

SFEEEE -
&d~_

@ part1

= U Anotag - ———————

#_.2_(;_...

§= o @ I Dietails. ..

| Shean Fazkima

Iy | |

E kPl | i i
g_ iE v |. Display Annotations
 Top Plam

Flirnamsinme
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112 | 1. Check the option
‘Shaded cosmetic
threads’ in the menu

that appears.
2. Click on OK.

Annotation Properties

ea

[] bim¥pert dimensions
Text scale:

Always display text at the same size

[ Display items onky in the view atisntation
in which they are created

Display annotations

Use assembly setking For all components

Display Fileer

Cosmetic threads shaded cosmetic threads
Daturns | Geometric tolerances
Dakum targets Mokes

[]Feature dimensions Surface finish

Reference dimensions Welds

[ Display all types

113
Save it as:
wire_shaft.SLDPRT.

This part is also now done.

G@solidworks »

- @ - h? - ! v 3o \LA}'VSD“EIWDFKS Search

F'_’O\

Convert ‘7] ams
Entities SR
- S

Sketch  Smart
Dimension |
% 2

Sketch | SheetMstal | Evaluate | DimXpert |

|§] »‘-

Ay edNET
(w
Wy Part1

- [A] Annatations
3= Material <naot specified:
%% Front Plane
@ Top Plane
2 Right Plane
I_, Crigin
= Gfrb Revolvel
-é @ Extrudel
[+ Ffl Cut-Revokvel

| PP |
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114

We will assemble all parts
to build a bearing puller.

Open a new assembly.

Put the bridge in the as-
sembly first.

Next, add the arm three
times and add the wire-
shaft once. Place them at
random positions in the as-
sembly.

R

b d

(T~

& |£| &nnotations

Q Front Plane

Q Top Plane

%} Right Plane

I_. Crigin
43% (F) Bridge <1
i % {-) Arm<ls
I+ % {-) Arm<z =
=] % {-) Arm<3z
*f’% (-1 wire_shaft<l=

@@ Mates

@ Asseml (Default=Default_Displas

| P )

115

First, put the arms in the
bridge.

Click on ‘Mates’ in the
CommandManager.

Select the two edges as il-
lustrated to put the first
arm in its place.

Next, set the two other
arms in their positions in
the same way.

Pay attention: use the
Mate alignment command
(‘aligned’ or ‘anti-aligned’)
to turn an arm around
when necessary.

@ Asseml (Default<Defaul_Di..,

Standard Mates

@| Coincident

L
|@| Concentric
Bt

ol

Lawaf
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116 | To set the arms straight, EIEg A= el poseffltom T N
we will add a few extra " Coincident7 7 71 { = )
mates. e | % @ "‘

1. Click on Multiple Mate e
Mode in the Property- % Patee

Manager. Mate Selections

2-4 Select the three top & .m
planes at the end of Face<l>@#Arm-3
each arm one by one. Face<1>@Am-2

5 Click on OK.

Create rulki-make
Fnlder

‘Standard Mates R

@ Caincident

|\T| Parallel

| PR |

|I| Perpendicular

117 Fina”y, we have to pUt the |@ |§|—|§"El @ Asseml (Defaulk<Default_Di...
bolt in position. Create a  Concentritl
mate between the surfaces

as illustrated on the right. ‘*@3
How far to insert the shaft J S Matesw

in the bridge is up to you. Mate‘jelettmns

Face<1>@Br|dge 1
|%| Face <2 >@Wira_shafl
Standard Mates
J.{ “aincident

|\T| Parallel

II| Perpendicular
|g| Tangent
@ Concenkric

118 | Add bolts, washers, and
nuts to the assembly from
the Toolbox.

Find the bolts in the Tool-
box by looking for ‘Din >
Bolts and Screws > Hex
Bolts and Screws'.

Select ‘Hex Screw Grade
AB — DIN and 24014'.

Set the size: ‘M8’ with a
length of ‘40'.

Add this bolt to the assem-
bly three times.
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119

For the washers, find ‘Din
> \Washers > Plain Wash-
ers’ in the Toolbox.

Select ‘Washer — Grade A —
DIN125 Partl’.

Select size: ‘8.4’ (for thread
‘M8).

Add this washer to the as-
sembly three times too.

120

Finally, we need to place
the nuts. Use ‘DIN > Nuts
> Hex Nuts’ from the Tool-
box.

Select ‘Hex Nut Grade C —
DIN and 24034'.

Select size: ‘M8'.

Again, add this nut three
times to the assembly.

121

We have finished the as-
sembly.

Save the file as Bear-
ing_puller.SLDASM.

What are the main fea-
tures you have learned
in this tutorial?

The most important item you have seen in this tutorial is how to use COS-
MOSXpress to find out if a model is strong enough to perform its designed
purpose.

A number of other new items include:

e Creating a more complex model (the bridge) and using the ‘circular pat-
tern’ command.

e Using an Axis and learning another way to define an auxiliary plane.

e Creating a model using a ‘real’ material.
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e Determining the weight and volume from a part or from the model.
e Using the sweep feature

e Learning it is very convenient to create outer parts first and building up
the middle sections later, as in the modeling of the arm.

e Working with Cosmetic Thread.

After finishing this tutorial, you have learned a lot about using SolidWorks.
You probably understand much more about using the program now and are
building real expertise in the use of SolidWorks. You can continue to grow
your SolidWorks skills and learn even more by discovering the purpose of
additional functions yourself. If you get stranded at any point, use the Help
functions or refer to a book on SolidWorks where all of the functions are
explained.
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